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® METHOD AND APPARATUS FOR SETTING INJECTION PRESSURE OF INJECTION 
© In a pressure setting method which 
kn molding machine equipped with a -^'^'^^^^ 
and a control unit and which sets and controls a senes oi 
pressures required at the start of iniecion of « -s.n to the ; 
mofd and a dwelling step through a filling step, the method of 
The present invention sets sequentially the .°> P^^^^ 

described above in accordance with a t.me-.n,ect.on pressure , 
charaaeristic curve that is determined under the cond. .on ^ ., 

haM^e vo ume of the resin inside the mold a, the dwell.ng t r 

step is substantially constant, and changes locally the dwel- . . 

nng stop of the characteristic curve in accordance w.th a mo d 
,0 be obtained. The characteristic curve P^o-.des an e. 
ponential curve at the dwelling step and the 'o"'^^^':^;- 
described above is carried out pulse-w.se so that the char^ 
acteristic curve becomes discontinuous. In th.s r"^"^'- '^^ 
pressure values can be set in accordance w.th the shape and 
thickness of the resulting mold. To obta.n such P^ess" 
values, the control unit includes a funcon generator to 
which parameters a, each step are applied, and a ^'9nal sene- 
rator for applying the pulse is connected to th.s funcon oen 
eraior. 
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SPECIFICATION 

METHOD AND APPARATUS FOR SETTING INJECTION 
PRESSURE OF INJECTION MOLDING MACHINE 

Technical Field: 



The present invention relates to an injection 
pressure setting method and an injection molding 
machine . 

5 Background Techniq ue : 

In general, an injection molding machine 
comprises a mold or a die, an injection section for 
injecting a molten resin to the die, and a control 
section for controlling operation of the injection 
10 section. The control section controls a sequence of 

injection pressures and time durations for a sequence of 
steps from a filling step through a holding step with 
reference to various detection signals extracted from 
the injection section and set values. 
■^^ Generally, control conditions at the control 

section widely differ dependent on shapes of molded 
products to be formed. Accordingly, it is the practice 
to individually determine set values supplied to the 
control section for each molded product- Particularly, 
20 setting of injection pressures and control of injection 
time durations at the control section must be precisely 
determined because they are significant elements which 
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dcterni.-.e the quality and accuracy of the molcec 
products . 

Heretofore, in order to set injection pressures 
during each step of an injection process, a method is 
5 adopted which at first prepares a defined pattern of the 
injection pressures in correspondence with the molded 
product in careful consideration of a feature and a 
shape of a molded product as well as a characteristic of 
a resin and switches stepwise the injection pressures at 
10 predetermined time intervals according to the defined 
pattern . 

It is to be noted here that the defined pattern 
of the injection pressures is determined by parameters 
such as a thickness of the molded product, a shape of 
15 the molded product, and a liquidity degree of a molten 
resin. For example, as the molded product becomes 
thicker and its shape becomes more complicated, a • 
uniformity of the molded product can not be assured 
unless the defined pattern has more multiple stages, 
20 while sinks and burrs are susceptible to be formed. 

However, when the defined pattern has multiple stages, 
setting points are disadvantageously increased in 
number. m addition, there is another problem that much 
skill- is required for accurate judgment of an optimum 
25 value to be set for each stage. 

Moreover, when the defined pattern has multiple 
stages, overshoot occurs every time on transition 
between stages. Accordingly, discontinuous points 
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appear in the injection pressure actually applied to the 
die. This results in a disadvantage of leakage of a 
resin already charged in the die. Although various 
methods are known for removing such discontinuous 
5 points, there remains a problem in practical use because 
a structure of the injection section or the control 
section becomes complicated with any of those methods. 

On the other hand, in case when a molded product 
is of a simple shape or when a molten resin has a low 

10 liquidity, it is possible to assure a quality of the 
molded product without switching the multiple stages. 
However, various kinds of particular defined patterns 
must be prepared in correspondence with characteristics 
of various molded products. This results in 

15 insufficiency in general use. In addition, there is 

another disadvantage that a high technology is required 
to produce such defined patterns. 

Taking the above-mentioned problems into 
consideration, it is an object of the present invention 

20 to provide an injection pressure setting method capable 
of readily preparing characteristics in correspondence 
with molded products. 

It is another object of the present invention to 
provide an injection molding machine which can be 

25 generally used and which can readily control an 
injection pressure. 



Disclosure of the Invention: 

According to the present invention, there is 
provided an injection pressure setting method coT»prising 
the stage of sequentially setting, with reference to a 
5 predetermined time - injection pressure characteristic 
curve, a sequence of injection pressures for a sequence 
of steps from a filling step for filling or charging a 
molten resin from an injection section to a die through 
a holding step for holding the resin filled in the die, 

10 and the stage of partially modifying set values base.d on 
the time - injection pressure characteristic curve in 
correspondence with a molded product to be 
injection-molded, wherein the time - injection pressure 
characteristic curve is determined under the condition 

15 that a volume of the resin inside the die is constant 
during the holding step. 

According to the present invention, there is 
also provided an injection molding machine comprising a 
die, an injection section for injecting a resin to the 

20 die, waveform generating means for generating, with 

reference to a_ predetermined time - injection pressure 
characteristic curve, an electric signal representative 
of a. sequence of injection pressures for a sec'j^encQ of 
steps. from injecting and filling the resin from the 

25 injection section into the die through holding, and a 
control unit responsive to the electric signal for 
controlling the pressures at the injection section. 
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Brief Descrip tion of -he Drawing: 

Fig. 1 is a graph for describing a conventional 
injection pressure setting rr.schod. 

Fig. 2 is a block diagram for describing an 
5 injection molding machine according to one err^odiment of 
the present invention. 

Fig. 3 is a graph for describing an injection 
pressure setting method carried out by the injection 
molding machine illustrated in Fig. 2. 

^^9- 4 is a graph for describing another 
injection pressure setting method according to the 
present invention. 

Principle of the Invention: 

Next, a principle of the present invention will 
15 be described in order to facilitate the understanding of 
the present invention. At the outset, description will 
be made as regards a time - injection pressure 
characteristic curve which defines a sequence of 
injection pressures for a sequence of steps from a 
20 filling step for filling a resin from an injection 

section to a die through a holding step for holding the 
resin filled in the die. 

In general, a time - injection pressure 
characteristic curve is illustrated on a coordinate 
25 comprising an abscissa and an ordinate which represent a 
time and an injection pressure, respectively, and shows 
an injection pressure defined pattern corresponding to a 
• type of a molded product. The tfme - injection pressure__. 



0 29 9 0 -3 5 

6 

characteristic curve consists of a part corresponding to 
a filling step and another part corresponding to a 
holding step. The quality of the molded procjct is 
. affected mostly by a gradient of the curve at the part 
5 corresponding to the holding step. 

Referring to Fig. 1, the gradient at the holding 
step has heretofore been determined by multiple stage 
setting, as illustrated in Fig. 1. Specifically, use 
has been made of a method of dividing the holding step 
10 into multiple stages, individually setting a holding 

pressure for each stage, and successively switching the 
holding pressures on every stage. In this event, 
overshoots 3, 3', and 3" occur every time on switching 
the holding pressures so that the aforementioned problem 
1 5 arises . 

The present inventor found out that it is 
possible to provide a molded product of a best quality 
by setting holding pressures according to an exponential 
curve without relying upon multiple stage setting. 

^° ^^sctically, a following equation is used for 

representing how long it takes. in second before the 
molded product is cooled to a temperature at which the 
molded product becomes separable from the die when the 
die is kept at a predetermined temperature. 

2 5 ° TC T.x - Tm 

^0 = r2--i°gei^-^::: ■-- (i) 

^ 4 Tc - Tm 

a minimum time duration required for coolina 

{ s ec ) ^ 
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a': a heet radiation rate of a mol ten resin 

d: a thickness of a molded product (1 x 10 
inch ) 

Tx : a heat transformation temperature of a 
molten resin {^C) 

To : an in j ecti on temperature of a molten resin 
(°C) 

5 Tm: a die temperature (^C) 

In the meanwhile, when the injecting operation 
to the die is completed and the resin is stopped to 
flow, a molten resin is affected by the temperature Tm 
at the inside of the die (hereinafter called a cavity) 
10 and a filling step pressure P to be put in the condition 
represented by the Van der Waals ' equation: 

(P+r)-(V-w) = RTm (2) 
V : a cavity volume 
T/ W, R: constants 
15 Here, it was confirmed by experiments that , when the 

cavity volume V is kept constant, a molded product of a 
high quality is obtained with little sinks or burrs and 
this method is remarkably effective. 

In order to keep the cavity volume V constant, 
20 the following formula must be approximately established 
from the above-mentioned equation ( 2 ) : 

Tm 

V . . . ( 3 ) 

P 

It is to be noted here that the cavity temperature Tm is 
lowered with time according to the exponential curve 
25 after the molten resin is filled to the substantially 
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full extent, as is understood from the above-jnen oned 
equation (1). Substituting this relationship inro the 
above-mentioned formula (3), it is seen that the holding 
pressure P should also be reduced according to the 
5 exponential curve. in order to keep the cavity volume V 
constant . 

As described above, the holding pressure 
reduction gradient is defined by the exponential curve. 
However,., there may be a case where an improved quality 

10 of a molded product can not be accomplished even by the 
use of the exponential curve, when burrs are forrried 
immediately after injecting operation because of a shape 
of the molded product or poor solidity of the die. In 
that case, the exponential curve is partially cut 

15 pulsewise to locally reduce the injection pressure until 
a solidified layer is formed on a surface of the resin. 
Thus, it was found out that the injection pressure can 
precisely be set by forming a time - injection pressure 
characteristic curve in correspondence with a type of 

20 the molded product. 

The Best Mode for Embodying the Invention: 
Description will now be made as regards an 
injection molding machine according to one embodiment of 
the present invention with reference to the drawing. 

25 An i n j ec tion molding machine illustrated inFig. 

2 comprises a die 30, an injection section 20 for 
- in jecting--~a- molten resin to the die 30, and a concrol- 
section 40 for controlling the injection section 20. 
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The illustrated injection section 20 comprises a 
cylinder 21 provided with a hopper, a screw ra-. 22 
shuttling within the cylinder 21 in a transversal 
direction in the figure, and a driving section 23 such 
5 as a hydraulic pump for driving the screw ram. In the 
cylinder 21, a pressure detector 26 for detecting a 
pressure inside the cylinder 21, a velocity detector 27 
for detecting a velocity of the screw ram 22, and a 
position detector 28 for detecting a position of the 
It)^' screw ram 22 are respectively equipped in a known 
manner . 

The pressure detector 26, the velocity detector 
27, and the position detector 28 supply the control 
section 40 with a pressure detection signal 31, a 

15 velocity detection signal 32, and a position detection 
signal 33, respectively. 

The control section 40 comprises a function 
generator 41 for producing a defined injection pattern 
for a sequence of steps from the start of a filling step 

20 through the completion of a holding step in accordance 
with parameters which will later be described, and a 
control unit 42 responsive to the pressure detection 
signal 31, the velocity detection signal 32, and the 
screw position detection signal 33 for supplying a 

25 pressure control signal 34 to the driving section 23. 
The function generator 41 is usually made of a general 
purpose microprocessor but may be a hardware logical 
circuit containing a semiconductor circuit which 
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produces an output signal of a variable amplitude ai;d a 
variable phase in accordance with parameters supplied as 
input signals . 

Referring to Figs. 2 and 3, the function 
5 generator 41 illustrated in Fig. 2 generates a function 
v;hich determines a pattern for realizing a time - 
injection pressure characteristic curve shown in Fig. 3. 
Specifically, the time - injection pressure 
characteristic curve shown in Fig. 3 can be divided into 

10 a filling step defined by a filling start time instant 
Tl at which the molten resin is started to be filled in 
the die and a filling completion time instant T2 , and a 
holding step which is carried out following the filling 
step. The holding step is defined by a final holding 

15 time instant T3. The illustrated time - injection 
pressure characteristic curve reaches a filling step 
pressure Pi and a final holding pressure P2 at the 
filling completion time instant and the final holding 
time instant T3, respectively. 

20 The function generator 41 in Fig, 2 is formed so 

as to vary a time duration Dl of the filling step, a 
time duration D2 of the holding step, the filling step 
pressure PI, and the final holding pressure P2 in the 
time - injection pressure characteristic curve 

25 illustrated in Fig. 3. The function generator 41 is 
formed so as to vary the injection pressure during the 
holding step in accordance with the exponential curve 
described above. Thus, the function generator 41 
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supplies the control unit 42 with an electric signal 
which determines the time - injection pressure 
characteristic curve. 

In addition, the illustrated function generator 
5 41 also produces a function for the filling step. 
However, the function for the filling step may be 
produced by another additional function generator. 

In order to supply the above-mentioned 
parameters, the illustrated function generator 41 is 
10 connected to an input device 45. The input device 45 

supplies the function generator 41 with the filling step 
pressure PI, the filling step time duration Dl, the 
final holding pressure P2, the holding step time 
duration D2, and a coefficient F required for the 
15 • equation { 1 ) . 

Furthermore, the illustrated input device 45 
supplies a pulse supply instruction to a signal 
generator 46, According to the instruction, the signal 
generator 46 delivers to the function generator 41 a 
20 pulse having the width and the amplitude determined by 
the instruction. To this end, it is possible to 
discontinuously vary the time - injection pressure 
characteristic curve produced by the function generator 
41. 

25 Referring to Fig. 4, a pulse PL is supplied from 

the signal generator 46 during the holding step time 
duration Dl to locally cut a part of the time - 
injection pressure characteristic curve. Thus, it is 
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possible zo obtain the holding condition corresponding 
to the n^olded product by locally cutting a part of the 
time - injection pressure characteristic curve. 

The pulse PL may be made to have a constant 
5 pulse width while a pulse amplitude is rendered 

variable: Alternatively, the pulse amplitude may be 
kept constant while the pulse width is rendered 
variable. Dependent on a condition, both of the width 
and the amplitude of the pulse may be varied. 
^° ^description will proceed to an embodiment • 

of an injection setting method according to' the present 
invention and operation thereof. At the outset, molded 
products to be molded by an injection molding machine 
can be classified into ones having a complicated shape 
15 and others having a simple shape. When the molded 

product is,of a complicated shape, the resin is required 
to have a high liquidity.. Accordingly, the molded 
product of a complicated shape is liable to be 
accompanied with burrs. On the other hand, the resin is 
20 allowed to have a low liquidity when the molded product ' 
has a simple shape. Accordingly, the molded procuct of 
a simple shape seldom has burrs. in view of the above, 
it is necessary to change a molding condition in 
cSependence on a shape of the molded product. 
'V ■ ^" meanwhile, the molded products are made 

either by thin-molding or by thick-molding'. m case of 
the ^-^'in-moldi^g, the shape is almost completed bv an . 
initial filling energy. On the other. hand, in case of 
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the thick-molding, the shape is deterrained by a 
supplemental energy which is applied after the resin is 
filled in the die, in other words, after the filling 
step. 

5 Accordingly, in the embodiment of the present 

invention, judgment is at first made as to whether or 
not a shape of the molded product is complicated. when . 
the shape is complicated, it is necessary to prevent 
occurrence of burrs. m this event, a part of the time 
10 - injection pressure characteristic curve is cut as 
illustrated in Fig. 4. This means that the inertial 
advance power of a screw is weakened by locally reducing 
the pressure during the holding step. By locally 
reducing the pressure during the holding step as 
.15 described above, a solidified layer is formed on a 

surface of the resin in the die within the period when 
the pressure is reduced. m this event, occurrence of 
burrs in the molded product is avoided even if the resin 
of a high liquidity is used. Generally, the period when 
20 the pressure is reduced may be as short as 0.05 second 
to 0.3 second. 

On the other hand, when the molded product of a 
simple shape is to be molded, it is unnecessary to 
partially cut the time - injection pressure 
25 characteristic curve. m this event, the electric 

signal from the function generator 41 is delivered to 

the. control -unit 42 without being modified by the output " 

of the signal generator 46. 
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Then, judgment is made as to whether the .-nolded 
product is thin or thick. In case of a thin product, 
the holding step time duration D2 is shortened and, 
correspondingly, the screw ram 22 is moved at a high 
5. speed while the final holding pressure P2 is set with a 
low- value. V?hen a result of the judgment shows that the 
molded product is thick, the holding step time duration 
D2 is lengthened and the final holding pressure ?2 is 
set with a high value. To this end, the supplemental 
10 energy required for the thick product can be obtained. 

The above-mentioned result of the judgment is 
supplied as a parameter from the input device 45 to the 
function generator 41 and the signal generator 46. The 
function generator 41 supplies the control unit 42 with 
15 the time - injection pressure characteristic 
corresponding to the molded product. 

The control unit 42 supplies the driving section 
23 with the pressure control signal 34 in accordance 
with the time - injection pressure characteristic 
20 corresponding to the molded product, with reference to 
the pressure detection signal 31, the velocity detection 
signal 32, and the position detection signal 33. The 
detection signals supplied to the control unit may be 
extracted from the die 30. 
25 According to the present invention, there is an 

advantage that an injection pressure can readily and 
precisely be set according to elements which can be 
objectively judged as numerical values before molding. 



02990d5 

Probability of Ipdustrin] Uti I i-.aticn : 
A pressure setting method according to the 
present invention is applicable not only to an injection 
molding machine using a hydraulic motor but also to an 
5 injection molding machine of an electric motor drive 
type . 
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CLAIiMS 

1, For use in an injection molding machine 
which comprises a die, an injection section for 
injecting a resin to said die, and a control section for 
controlling said injection section and which is for 
5 molding a desired molded product by injecting the resin 
to said die, a pressure setting method for setting 
pressures for a sequence of steps from the start of 
injection of the resin to said injection section through 
a filling step for filling the resin in said die to a 
10 holding step, £har acter i zed by the stage of sequentially 
setting in said control section a sequence of pressures 
for a sequence of steps from said start of injection 
through said holding step with reference to a 
predetermined time - injection pressure characteristic 
15 curve and the stage of partially modifying the set 

pressure values based on said time - injection pressure 
characteristic curve in correspondence with the molded 
product to be injection-molded and determining pressures 
for said filling step and said holding step in 
20 accordance with the modified set pressure values and 
said time - injection pressure characteristic curve, 
said time - injection pressure characteristic curve 
being determined under the condition that a voluine of 
the resin inside said die is substantially constant 
23' during said holding step. 
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2. A pressure setting method as clai-,ed in 
Claim 1, characterized in that modification of said set 
pressure values is carried out during said holding step 
in said time - injection pressure characteristic curve. 

3. A pressure setting method as claimed in 
Claim. 2,. characterized in that said set pressure values 
are modified so that said time - injection pressure 
characteristic curve becomes discontinuous during said 

5 holding step. 

4. A pressure setting method as claimed in 
Claim 1, characterized in that said time - injection 
pressure characteristic curve exhibits an exponential 
curve during said holding step. 

5. An injection molding machine which comprises 
a die, an injection section for injecting a resin to 
said die, and a. control section for controlling said 
injection section and which is for molding a desired 

5 molded product by injecting the resin to said die, 
characterized in that said control section comprises 
generating means for generating a sequence of pressures 
for a sequence of steps from the start of injection of 
the resin by said injection section through a filling 

10 step to a holding step in accordance with a 

predetermined time - injection pressure characteristic 

curve, parameter input means for supplying parameters 

for said time - injection pressure characteristic curve 

to make said generating means"" sequentially deliver 

15 pressure values based on said time - injection pressure 
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characteristic curve, and a control unit for controlling 
an injection pressure at said injection section m 
accordance with said injection pressure value. 

6. An injection molding machine as claiined in 
Claim 5, characterized in that said parameter input 
means comprises means for supplying a function value on 
said time - injection pressure characteristic curve and 
5 means for supplying a modified pressure value so as to 

discontinuously vary said time - injection pressure 

characteristic curve . 
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Fig. 2 
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